Introduction {#S0001}
============

Adrenal glands are paired endocrine glands located over the upper renal poles. They consist of two main layers: medullar and cortical. The latter is divided into three layers: zona glomerulosa, fasciculata and reticularis. The medullar layer is responsible for catecholamine production, and the cortical layer produces mineralocorticoids, glucocorticoids and sex hormones, respectively for each zone.

Adrenal diseases can be accompanied by medullar hyperfunction (as in pheochromocytoma) or cortical hyperfunction (as in primary hyperaldosteronism, Cushing\'s syndrome and congenital adrenal hyperplasia). Insufficiency of the adrenal cortex, or Addison\'s disease, is a separate entity. In developed countries, it is caused by autoimmunization. It can also be caused by tuberculosis, metastases to both adrenal glands and destruction by a neoplastic process (lymphoma). Anatomic changes in the adrenal glands can also be accompanied by normal hormonal function. This group of pathologies should include the most common incidentally detected adrenal tumors, called incidentalomas. They include a range of histopathological entities but cortical adenomas without hormonal hyperfunction are the most common. The most frequent sources of metastases to the adrenal glands (via vascular spread) are lung and kidney cancers^([@CIT0001],\ [@CIT0002])^.

The diagnostic triad in adrenal diseases includes: interview and physical examination, biochemical tests and imaging. Imaging techniques used in the diagnosis of adrenal pathologies are presented in [Tab. 1](#T0001){ref-type="table"}^([@CIT0003])^.

###### 

Contemporary imaging modalities applied to the diagnostics of adrenal diseases

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ultrasound imagingComputed tomographyMagnetic resonance imagingScintigraphyPositron emission tomographyCatheterization of the adrenal veinsBiopsy guided by imaging
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ultrasound imaging of the adrenal glands {#S0002}
========================================

Each abdominal ultrasound examination of a child or adult should include the assessment of the suprarenal areas.

Ultrasonography is a method of choice in the assessment of the adrenal glands in neonates and young children. It is particularly useful in the assessment of adrenal masses as hematoma and neuroblastoma.

Owing to the availability, cost and non-invasiveness, it is often used for the assessment of the suprarenal areas in adolescents and adults with extra-adrenal tumors. Moreover, it is recommended in patients with arterial hypertension or hyperadrenalism or adrenal insufficiency, and in the monitoring of adrenal tumors diagnosed in computed tomography or magnetic resonance imaging as benign adenoma-like neoplasms. This examination enables the differentiation between a solid tumor and adrenal cysts, which are rarely encountered.

Although literature reports claim that normal adrenal glands can be visualized in most examinations in adults (80%)^([@CIT0004])^, it is not that easy in practice. This is because of the fact that the echogenicity of the adrenal glands is similar to that of the retroperitoneal fat. Moreover, a number of other factors have to be taken into account, such as the acoustic window, quality of equipment and examiner\'s experience. Because of these limitations and difficulties in visualizing certain slight diffuse or focal adrenal lesions, and due to the impossibility to differentiate between adrenal tumors (with few exceptions), the methods of choice in the assessment of adrenal pathologies are computed tomography and magnetic resonance imaging (with appropriate indications, including the detection of a solid mass in the adrenal area on an ultrasound examination).

Equipment {#S0003}
=========

Examinations of adrenal glands in neonates and young children are conducted with the use of broadband transducers of high frequency (up to 10 MHz) and a scanner equipped with the sensitive color or power Doppler option (diagnosis of neuroblastoma tumors).

In adolescents and adults, examinations of the adrenal glands are conducted with the use of convex, broadband transducers with the frequency of 2--5 MHz, which are used in abdominal scans. In patients of slight constitution, probes of higher frequencies can be used^([@CIT0003])^. The preparation for an examination is the same as for an abdominal scan.

Of new ultrasound techniques to assess the suprarenal areas, harmonic imaging or spatial compound imaging are deemed useful and recommended. In numerous cases, these techniques improve the contrast between an adrenal tumor and adjacent tissues, and enable better visualization of tumor margins ([Fig. 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). Harmonic imaging in particular enables better visualization (better contrast) of even normal adrenal glands, which can allow their measurements to be taken. Three-dimensional scans enable more thorough assessment of tumor sizes and better correlation with computed tomography ([Fig. 3](#F0003){ref-type="fig"}). In difficult cases, 3D US enables easier and more careful interpretation of complex anatomic relationships. A three-dimensional examination can be particularly useful for the visualization of tumors in the left adrenal gland since, because of the anatomic conditions, they are more difficult to visualize than tumors of the right adrenal gland ([Fig. 3](#F0003){ref-type="fig"}). In some cases, however, even the usage of the aforementioned new ultrasound techniques does not allow small adrenal tumors to be detected, particularly in the left gland.

![Pheochromocytoma of the left adrenal gland (arrow). **A**. Conventional ultrasound in the B-mode **B**. B-mode with harmonic imaging. Compared with image A, fewer artefacts -- clearer tumor margins and clearer contrast with surrounding structures](JoU-2015-0035-g001){#F0001}

![Pheochromocytoma of the right adrenal gland (arrow). **A**. Conventional ultrasound in the B-mode **B**. B-mode with spatial compound imaging. Compared with image A, fewer artefacts, smoother image (lower image speckles) -- clearer tumor margins and clearer contrast with surrounding structures](JoU-2015-0035-g002){#F0002}

![Slight adenoma of the left adrenal gland -- A. P -- pancreas, K -- upper renal pole, S -- spleen. Three-dimensional ultrasound -- axial image (**A**). This slight tumor of the left adrenal gland was not detected in a real-time 2D examination. 3D ultrasound enables the lesion to be visualized and its size to be compared with CT (**B**)](JoU-2015-0035-g003){#F0003}

B-mode ultrasound imaging is useful in differentiating between rare cysts and solid tumors of the adrenal glands. This information is particularly significant if the diagnosis of adrenal adenoma in computed tomography has been established only on the basis of its low density (approximately 0 Hounsfield units) without the administration of iodinated contrast agent. Such an image can represent both cysts and adenomas that contain lipids. Tomography enables the differentiation between these lesions based on the observation of contrast enhancement. As for ultrasound imaging, if a hypoechoic lesion does not present all features of a simple cyst in a B-mode examination, a new dynamic elastography technique, called shear wave elastography, can be used. It enables the differentiation between a solid and cystic lesion. This technique allows convex probes for abdominal scans to be used by holding them motionlessly (by contrast with static elastography, no compression is applied). The results of tissue elasticity are presented in an absolute scale in kPa. This technique uses the analysis of the velocity of shear wave propagation in tissues. It is associated with tissue elasticity determined by the elastic Young\'s modulus. The analysis of this phenomenon is possible by using the method of rapid ultrasound image generation, with the velocity of approximately 20,000 images per second. Tissue elasticity is presented in real-time as a color map placed on a B-mode image. By contrast with solid tumors, cysts do not present a colored elastographic signal since shear waves do not propagate through fluids ([Fig. 4](#F0004){ref-type="fig"})^([@CIT0005])^.

![Recurring lymphatic cyst of the right adrenal gland of the maximum size of 10 cm: shear-wave elastography (SWE) -- upper image, B-mode -- lower image. In the upper SWE image, there is no colored signal since shear waves do not propagate through fluids. Inside the lesion at its periphery, an artefact-like colored signal can be seen, however indicating low stiffness values (approximately 4 kPa)](JoU-2015-0035-g004){#F0004}

Contrast-enhanced ultrasound examinations have not demonstrated any features that would enable certain differentiation between benign and malignant adrenal tumors^([@CIT0006])^. The assessment of the vascularization pattern in the group of benign adrenal lesions has demonstrated that there are differences between nodular hyperplasia and adenomas. In nodular hyperplasia, the vascularization begins at the periphery of a lesion, which can be observed in parametric images of the contrast agent inflow (arrival) time. Adenomas, however, usually present mixed or central vascularization pattern ([Fig. 5](#F0005){ref-type="fig"} and [6](#F0006){ref-type="fig"})^([@CIT0007])^.

![Nodular hyperplasia of the adrenal cortex with two tumors masses of the right adrenal gland (arrows) with the mean diameter of 23 mm and 10 mm. B-mode image (on the right). The parametric image of the time of contrast agent (SonoVue) inflow (arrival) (on the left) shows vascularization of both tumors, starting from the periphery](JoU-2015-0035-g005){#F0005}

![Adenoma of the adrenal cortex (arrows) with the mean diameter of 16 mm. B-mode image (on the right). The parametric image of the time of contrast agent (SonoVue) inflow (arrival) (on the left) shows vascularization of the tumor, starting from the center and periphery at the same time](JoU-2015-0035-g006){#F0006}

Anatomy of the adrenal region and scanning technique {#S0004}
====================================================

The adrenal gland is a paired organ located cephaloanterio- medially from the upper renal poles. The right suprarenal area borders the inferior vena cava anteriorly; the upper and lateral border is the liver; the diaphragm is located medially and the kidney is positioned below it. The left suprarenal area borders the pancreatic tail, stomach and intestine anteriorly; the upper and lateral border is the spleen; the diaphragm and aorta are located medially and the kidney is positioned below it. Both adrenal glands are located in the perirenal adipose tissue surrounded by the Gerota\'s fascia.

Adrenal scans in neonates are usually conducted with a probe applied laterally in coronal, axial and intermediate planes. Normal adrenal glands are usually well-visible in neonates. This is associated with large sizes of adrenal glands compared with kidneys, low amount of the retroperitoneal fat tissue and short distance from the probe, which enables the usage of high-frequency linear transducers with higher resolution. The right adrenal gland can be visualized in 97% of neonates, and the left one in 83%. The cephalocaudal length of the adrenal gland in this group of patients ranges from 9--36 mm, mean 15 mm. The thickness of the adrenal limb ranges from 2--5 mm. In a neonate, there can be a hyperechoic center corresponding to the medullar layer and a hypoechoic edge that corresponds to the cortical layer. The ultrasound corticomedullar differentiation blurs with age^([@CIT0003],\ [@CIT0008])^.

In adolescents and adults, an examination of adrenal glands is usually conducted in a supine position by applying the transducer laterally in the coronal sections along the long renal axis and in axial sections with the evaluation of the area located anteriorly, medialy and above the kidney. The suprarenal area examination may have to be extended to include additional views. When assessing the left suprarenal area, the right lateral position of the patient can cause the displacement of the stomach and intestine, thereby improving the its' visualization. In this position, the probe can be applied more posteriorly so that intestinal gas does not conceal the suprarenal area. Depending on the conditions, adrenal examinations can be supplemented with axial and sagittal sections, viewed anteriorly. Sometimes, this position enables one to observe focal lesions in the adrenal glands that cannot be detected from the lateral approach.

The assessment of the suprarenal areas as well as the visualization of the adrenal glands and focal lesions can be difficult or impossible in the cases of considerable fatty liver (normal liver is a good acoustic window in the assessment of the right suprarenal area), large amount of gas in the intestine and stomach (left suprarenal area) and obesity (worse translucency for ultrasound wave).

In adults, normal adrenal glands are visualized as longitudinal organs that consist of the body and limbs and assume the shape of the letter V, Y or λ, a comma or triangle. By contrast with schematic figures presented in various anatomical atlases, the adrenal gland is a narrow organ with the limb diameter of 4--9 mm (5 ± 1 mm) and the body diameter of up to 10 mm. Its length reaches up to 50 mm^([@CIT0008])^. In an ultrasound examination, this organ is usually hypoechoic or its echogenicity resembles that of the perirenal fat tissue, which might make its visualization more difficult ([Fig. 7](#F0007){ref-type="fig"}). A focal lesion in the suprarenal area should be visualized in two perpendicular planes; three perpendicular maximum dimensions should be marked (adrenal tumors can grow irregularly in three directions). Sometimes, ultrasonic artefacts within the adipose capsule of the kidney can mimic focal lesions but their analysis in two perpendicular planes should enable the proper classification of the image.

![Ultrasound B-mode image of the normal right adrenal gland with marked measurements of the thickness of the limbs and body (calipers). **A**. Axial plane with harmonic imaging. Hypoechoic adrenal gland of V shape. The echogenicity of the adrenal limb ends is similar to the echogenicity of the retroperitoneal fat tissue. **B**. Longitudinal section through the adrenal gland. In this view, the adrenal gland is of λ shape. It is only slightly hypoechoic in relation to the retroperitoneal fat tissue. **C**. Longitudinal section with harmonic imaging: increased contrast between the hypoechoic adrenal gland and the retroperitoneal fat tissue (compared with [Fig. 7B](#F0007){ref-type="fig"}). Harmonic imaging is recommended in the visualization of normal adrenal glands and their focal lesions](JoU-2015-0035-g007){#F0007}

In the monitoring of adrenal masses, it is necessary to correlate findings with maximum dimensions found in computed tomography or magnetic resonance imaging (axial sections and height). An ultrasonologist should be familiar with previous ultrasound, computed tomography or magnetic resonance images of evaluated adrenal lesions. This should help to visualize them in ultrasound examination and enable better assessment of their growth dynamics ([Fig. 3](#F0003){ref-type="fig"}).

When examining adults using a convex probe with the frequency of 2--5 MHz, the mean diameter of adrenal lesions that can be visualized exceeds 10 mm. However, the literature mentions that focal lesions with the diameter of 5 mm can be visualized via the abdominal access and those with 2--3 mm in diameter can be detected in endoscopic ultrasound^([@CIT0008])^. Nevertheless, some tumors with their maximum diameter below 20 mm in the left adrenal gland can remain invisible for transabdominal ultrasonography. This depends on their localization in the gland as well as on anatomic and physiological conditions.

The suprarenal areas can also include objects that are normal structures (splenic vessels, lobulated spleen, accessory spleen), tumors or cysts of surrounding organs (kidneys, liver, pancreas), called adrenal pseudotumors.

If a focal lesion is detected in the suprarenal area, the remaining abdominal organs must also be assessed on ultrasound examination.

It must be emphasized that some forms of adrenal diseases, such as certain forms of adrenal hyperplasia, may remain invisible in sonography or even with modalities of choice in adrenal imaging, such as computed tomography or magnetic resonance imaging.

Test description {#S0005}
================

In neonates, the description of the examination should include the size of the gland and the presence of possible focal lesions. When describing focal lesions of the adrenal glands, the following should be taken into account: dimensions (two perpendicular maximum dimensions in the axial section and the third dimension -- height), echogenicity, homogeneity and vascularization in color and power Doppler examinations in order to differentiate between adrenal hematoma and neuroblastoma tumor.

The description of examinations conducted in adolescents and adults should also include possible enlargement of the adrenals and presence of focal lesions. When describing focal lesions of the adrenal glands, the following should be taken into account: dimensions (two perpendicular maximum dimensions in the axial section and the third dimension -- height), shape (regular, irregular), margins (well-circumscribed, uneven) echogenicity, homogeneity and nature (solid or cystic). The differential diagnosis should include the organ from which a lesion visible in the suprarenal area may arise.

If focal lesions in adrenal glands are visualized, other possible lesions in other abdominal organs should be described as well.

If a previously non-reported, incidental solid focal lesion exceeding 1 cm (incidentaloma) is detected in the suprarenal area, computed tomography or magnetic resonance imaging should be conducted to confirm its presence and for differentiation and the tumor functional status should be determined. Subsequently, the lesion should be monitored with ultrasound examinations. In lesions with diameters \<4 cm and density \<10 H.U., a follow-up ultrasound examination should be conducted after 3 months. If the tumor does not grow, the next follow-up scans should be conducted every 6 months for 2 years, and subsequently once a year. If the tumor grows, computed tomography is conducted. Biposy is indicated if adrenal metastasis from an unknown primary focus is suspected. Contraindications include the suspicion of pheochromocytoma or adrenal carcinoma. In adenomas, biopsy is of a limited diagnostic value.

Conflict of interest {#S0006}
====================

The authors do not report any financial or personal connections with other persons or organizations, which might negatively affect the contents of this publication and/or claim authorship rights to this publication.

Funding/Support and role of the sponsor {#S0007}
=======================================

The publication has been created thanks to the grant of the Polish Ministry of Science and Higher Education No N N402481239, carried out within 2010--2014.
